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Normal pregnancy induces progressive adaptations in every system, and it is against this background of altered maternal homeostasis that the giving of fluids during labour and delivery must be considered. At the present time labour usually lasts for less than 24 hours in women having their first baby and less than 12 hours in multigravid patients. During such a short interval healthy mothers normally will not develop problems of fluid balance; if problems do occur they are likely to follow the intravenous administratioh of excessive volumes of sodium-free fluids. In addition to maternal complications, the biochemical consequences of inappropriate fluid regimens will be reflected in the fetus although these may not become obvious until some time after the infant is born.
Most information concerning the water status of pregnant women has been derived from studies undertaken at or near term, but some serial measurements have been reported; these data will be considered first. The major physiological changes which influence this status will then be considered individually.
Total body water
The concept of dividing total body water into intracellular and extracellular compartments, with extracellular water being further subdivided into intravascular and extravascular components, is descriptively useful but has limitations. Neither compartment is capable of precise measurement nor are they rigid but constantly changing in response to a variety of stimuli. Water is constantly being lost to the environment, but replenishment occurs at irregular intervals and in varying volumes. Bearing these problems in mind, it is possible to describe the broad changes occurring in water status during pregnancy.
Total body water increases progressively but the amount of this increase is dependent upon the method used for its determination and whether serial measurements are made in the same patients, because there are wide variations between individuals. Measurements using deuterium oxide suggest an increase of 7-10 litres by term depending upon the degree of maternal oedema present (Hytten et al. 1966) .
Extracellular water is even more of a methodological problem because the tracer most often used, sodium thiocyanate, does not equilibrate rapidly with the product of conception; for example, after three or four hours the fetal blood levels are only 80-90% of the maternal blood levels, while amniotic fluid concentrations have reached only about 50% (Hytten & Cheyne 1962) . Thus extracellular water is usually underestimated, while intracellular watertaken as the difference between the estimates of total body water and extracellular water -is subject to the errors of both.
Most series have reported the increase in extracellular water to be about 6 litres but with a very wide range of individual values. Attempts to explain this increase from the amount of water present in the product of conception together with that needed for the increase in maternal plasma volume, breasts and uterus usually account for only 4 Iitres or so; thus about 2 litres remain to be accounted for ( Table I) . This 'excess' is probably stored in the form of microdroplets in the mucopolysaccharides present in the ground substance of connective tissue. 
Total osmolality
If a non-pregnant person drinks a litre of water, plasma osmolality will reduce by about 10 mosmol/kg; the effect is to suppress the antidiuretic hormone arginine vasopressin (AVP), and the resulting water diuresis over the following two hours returns the osmolality to normal ( Figure I ). During the first trimester of. pregnancy total osmolality is reduced from about 290 to 280 mosmol/kg ( Figure 2 ) but, far from producing a permanent diabetes insipidus-like status, the pregnant woman guards her new reduced level with equal efficiency. Given a litre of water to drink during the first and second trimesters, the pregnant mother will reduce her osmolality by the expected 10 mosmol/kg but produce a water diuresis of such a magnitude that she returns her plasma total osmolality to the new pregnancy level more rapidly ( Figure I) . The same is not true during the last trimester of pregnancy when the maximum urinary flow rate per minute and the volume of urine produced over the two hours following an oral water load are both reduced (Figures 3 and 4 ). Despite this, the osmolality is still returned to the correct level (Hytten & Klopper 1963) . The conclusion must be that the first effect is for the extra water to leave the vascular compartment for the extravascular space, thereafter to be excreted more slowly perhaps as the increased nocturia experienced by so many patients towards term. The important clinical consideration is that during the last trimester any increased fluid load is not excreted promptly, as might be expected, but goes into the extravascular compartment.
Weeks of pregnancy Colloid osmotic pressure Plasma albumin concentration decreases by about 10 gil during the first trimester, causing a fall in colloid osmotic pressure of about 10 cmHzO (Robertson 1968 ). As the intravascular and extravascular compartments have essentially the same biochemical composition, it is colloid osmotic pressure which helps to keep water in the circulation and counteracts the effect of blood pressure which drives water into the extravascular space.
Plasma volume
There is a progressive increase in plasma volume between weeks 12 and 36 of pregnancy, the peak values achieved being 35-45% above the non-pregnant average. This has been described as producing a 'dilution' of the blood and hence to account for such things as the decreased haemoglobin concentration known to occur in pregnant women; such is not the case (Taylor & Lind 1979) . In a personal study, 36 women have been recruited preconception and a series of standard biochemical measurements made. During their subsequent normal pregnancies the measurements were repeated, the patients thus acting as their own non-pregnant controls. By expressing the non-pregnant values as 100%, the increases or decreases in the individual measurements at each stage of pregnancy can be expressed in proportional terms. Some of these changes are shown in Figure 5 . If the change Figure 5 . Changes which occur in some physiological parameters throughout pregnancy relative to the pre-pregnancy values (100%) in plasma volume was achieved by a simple increase in the water content, then sodium, glucose, creatinine and so on would all decrease at the same time during pregnancy and to the same proportional extent-but this is not the case. The concentrations of urea and creatinine are particularly illustrative: (\) they decrease markedly during the first weeks of pregnancy when plasma volume is unchanged; (2) towards term their concentrations increase while those of other solutes do not. It thus appears that during pregnancy the biochemical composition of blood is under specific controlling mechanisms which keep the various solutes at levels presumably optimum for the developing fetus. This is an important clinical point, because the decrease in haemoglobin concentration is sometimes diagnosed as 'anaemia' and iron therapy prescribed unnecessarily. Because of the decrease in serum urea and creatinine, renal function may be compromised long before these concentrations exceed the upper limit of the 'normal' laboratory ranges. Less is known about the time taken for the plasma volume to return to non-pregnant levels following delivery. Haematocrit values decrease during the first few days of the puerperium and clinical observation suggests that this is because a significant diuresis does not occur until about the fourth day post-partum. Thus the effects of fluid loading during labour may persist for some days into the puerperium and caution must continue to be exercised in the giving of further fluids after delivery.
Renal function
The kidneys are the major controllers of fluid and electrolyte balance, and both renal plasma flow (RPF) and glomerular filtration rate (GFR) are markedly increased during pregnancy (Davison 1980) . This might be thought to lead to an increased loss of water and its contained solutes, but this is not the case. For the purpose of discussion let it be assumed that the average non-pregnant woman has a GFR of 100 mlfmin. This means about 144 Iitres of water are filtered per day, yet the average urine volume will be only about 1.5 titres indicating a reabsorptive efficiency of 99%. During pregnancy an increase in GFR to about 140 ml/min would not be unusual, meaning some 202 litres are filtered; yet urine volume remains at about 1.5 Iitres. Hence, during pregnancy, water is absorbed with equal and perhaps enhanced efficiency. Solute handling is more difficult to examine because plasma concentrations change according to the time of day, when meals are eaten and so on. Assuming an average blood glucose concentration of 100 mg/100 ml over 24 hours in nonpregnant women, then at a GFR of 100 ml/min, 144 g of glucose would be filtered yet only 100 mg are excreted over the same period, i.e. 99.9% absorption. If the blood glucose averages 90 mg/IOO ml during pregnancy and the GFR increases to 140 ml/rnin, then 181 g will be filtered but, on average, 500 mg or less will be excreted -an efficiency of 99.7%. Thus while in absolute terms more sodium, glucose and other solutes may be excreted per 24 hours, expressed as a proportion of the filtered load the changes are minimal.
It is generally believed that the increased levels of circulating progesterone are responsible for the increased excretion of sodium during pregnancy and that this effect is balanced by the ·increased production and circulating levels of aldosterone. However, these hormonal influences should be regarded as fine controls modulating the coarse gains and losses via the kidney. Indeed, normal pregnancies have occurred in women who have had previous bilateral adrenalectomies without the need for mineralocorticoid replacement therapy (Barber et al. 1966 ).
Blood pressure
The normal maintenance of blood pressure depends upon the' balance between cardiac output and peripheral resistance. During normal pregnancy there is a marked decrease in peripheral resistance due in the main to the dilatation of the capillary blood supply to the skin. Blood pressure is maintained by an improved cardiac output: both pulse rate and stroke volume are increased (Hytten & Leitch 1971) . As blood pressure is maintained yet colIoid osmotic pressure decreases by about 10 cmH 2 0 , why do mothers not become oedematous during the first trimester? The answer is not clear but may be due to a lower venous pressure. In late pregnancy, when the pressure of the enlarged uterus upon the pelvic veins causes an increase of venous pressure in the lower limbs, oedema is common. Hence it may be that during the first and second trimesters venous pressure is reduced, thus compensating for the lower colloid osmotic influence.
Fluid balance during labour
As has been discussed, a normal healthy woman at term has an abundance of body water and at least 2 Iitres are 'stored' in her extravascular space; there is thus little reason to give large volumes of intravenous fluids. Why then are intravenous fluids so often prescribed? There are three major reasons: as vehicles for labour-inducing agents; to correct 'ketoacidosis'; and during the maintenance of epidural analgesia.
Induction of labour:
Labour can be induced or augmented by using 10 units of an oxytocic agent in 500 ml of a 5% dextrose solution, equivalent to 20 mu/ml. Some infusion pumps which escalate the dose automatically soon achieve a dose of 32 mu per minute, equivalent to 1.6 ml/min or nearly 100 ml/h of sodium-free fluid. With modern, highly-accurate pumps being capable of maintaining very slow infusion rates, it would seem more appropriate to use smaller volumes of fluid with increased amounts of the oxytocic agent. If large volumes are to be used, then physiologically balanced fluids such as Hartmann's solution should be employed to avoid the risk of hyponatraemia. A recent report by illustrates the problems which can arise. Nine mothers who delivered babies with cord blood sodium concentrations below 125 mmol/l, on average had received intravenous fluids at the rate of 256 ml/h during labour, equivalent to more than 61/day. By comparison, mothers taking oral fluids received an average of only 14 ml/h. Reviewing the management of 136 women during labour, they found that 83% received 5% dextrose, 10% were given 10% dextrose and only 1I % had Hartmann's solution. These authors pointed out that since 1962 water intoxication had caused three maternal deaths, severe brain damage in one patient and a severe visual deficit and dysphasia in another.
Management of ketoacidosis:
It is debatable whether women having ketoacidosis diagnosed by Ketostix during otherwise normal labours need to be treated. But if they are to be treated it should be realized that the giving of carbohydrate-containing fluids is not necessarily beneficial to mother or fetus. Pearson & Shuttleworth (1971) treated 15 women having a positive Ketostix test during labour with 500 ml of a 20% fructose solution given over 30 minutes. The maternal arterial and fetal scalp blood pH values both decreased and the maternal lactate increased from 1.5 to 4.6 mmol/l. The authors concluded that fructose infusions can cause metabolic acidosis in mother and fetus. Ames et al. (1975) found that while glucose, sorbitol and fructose solutions could all reduce ketonaemia in terms of acetoacetate and 3-hydroxybutyrate levels, all produced maternal and fetal lactic acidosis.
Epidural analgesia: This is perhaps the most difficult category to discuss, because large volumes of fluid may be given without direct reference to the obstetrician as though such fluids somehow confined their effect to the consequences of epidural analgesia rather than to the mother as a whole and her fetus. Justification seems to be based upon the fact that women in labour may be 'hypovolaemic', but the criteria for this diagnosis are rarely stated. As discussed above, intravascular volume is increased by about 40% and at least 2 litres of 'spare' extravascular water are available. Hence under normal circumstances it is difficult to see how a healthy woman in labour could lose sufficient water to be genuinely hypovolaemic; pre-eclamptic toxaemia is an exception and will not be considered further. The real problem is that epidural analgesia can cause hypotension from vasodilatation, and 'loading' with fluid is thought to pre-empt this happening. The primary aim must be to achieve a sensory block with minimal effect upon the circulation, but if fluids are to be given they must be sodium-containing fluids and Hartmann's solution would be a reasonable choice. However, it must be remembered that this is iso-osmotic with all extracellular fluid and it will leave the vascular compartment for the tissue spaces; it will therefore add to the problem of oedema if given in large volumes. Fluids which remain in the vascular compartment would be preferable from this viewpoint, but care would have to be exercised that cardiovascular overload did not occur, especially with the litre or so of blood which will be added to the circulation following the reduction in uterine circulatory volume at delivery.
ConcJusion
Pregnant women have an excess of body water in both the intravascular and extravascular spaces. During the first and second trimesters their ability to cope with an increased fluid intake is unimpaired and probably more efficient than in the non-pregnant state. Despite the lowered colloid osmotic pressure and normal blood pressure, clinically-obvious oedema does not occur though more fluid is stored in the interstitial tissues. During the last trimester the diuretic response is less prompt and this, together with an increase in venous pressure in the lower limbs, leads to dependent oedema in most women. This tendency to put fluid into the extravascular compartment can cause complications if large volumes of intravenous fluids are given. Broadly speaking, the problems of dehydration, hypovolaemia and ketosis have probably been overstated and prompted the tendency to give labouring women intravenous fluids unnecessarily. This is not to say that intravenous fluid therapy is never necessary, but when prescribed it should be for good reasons which are clearly described in the notes. Fluid balance charts should be meticulously maintained and the smallest volume of a physiologically-appropriate solution given for the management of the particular problem. It would be useful to regard the prescribing of intravenous fluids with the same care as the prescribing of opiates to mothers in labour: the correct amount given at the right time will help both mother and child. Inappropriate amounts given for too long can be dangerous to both -and occasionally fatal.
